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Aldicarb (2-methyl-2[methylthio]propionaldehyde O-[methylcarbamoyl]-oxime) (Temik®) is a highly toxic carbamate insecticide. Carbamate insecticides are potent reversible inhibitors of acetylcholinesterase activity. A toxic dose of aldicarb produces severe cholinergic signs including salivation, urination, defecation, ataxia, dyspnea, seizures, and death. The onset of clinical signs is rapid, and the severity is dependent on the dose, route of exposure, and species involved.
A diagnosis of aldicarb toxicosis is based upon the presence of appropriate clinical signs, acetylcholinesterase activity inhibition, and analytical confirmation.
Materials and methods
Case history. In November 1989, the Illinois Animal Poison Information Center (IAPIC) received a call concerning the sudden death of 200 adult sheep in southeastern Washington. All sheep died within a 20-30-acre area of a circular 115-acre buckwheat pasture within a 24-hr period. On the day of the sheep kill, a subsoil fumigant (Telone®, 1,3-dichloropropene) was applied to an 80-acre parcel southwest and immediately upwind (10-15 mph wind) of where the sheep kill occurred. Nine sheep had died the previous day (before fumigant application) on an adjacent buckwheat pasture. No previous herd health problems had been reported in this flock.
Clinical signs. Observed clinical signs included hypersalivation, diarrhea, urination, paddling, seizures, miosis, and death. Sheep generally died within 3-5 min after developing clinical signs. Atropine administration (180 mg total dose given SQ, IM, IV) to clinically affected sheep resulted in decreased salivation, dyspnea, and depression and prevented further deaths.
Pathology procedures. A complete necropsy was performed on 4 sheep. Lung, heart, kidney, and liver tissue samples from 3 sheep were fixed in 10% buffered neutral formalin, embedded in paraffin, sectioned at 6 µm, stained with hematoxylin and eosin, and examined by light microscopy.
Analytical procedures. Rumen contents, liver, wool/skin, lung, eyes, brain, and serum samples were collected for toxicologic analysis from 4 dead sheep. Whole blood was collected from 1 surviving ewe given atropine. Samples of soil, water, fumigant, and feed were also submitted for chemical analyses.
1, 3-Dicholoropropene analysis. Hexane or methylene chloride extracts from the blood, lungs, rumen, and soil samples were analyzed by electron capture gas chromatography (GC-ECD) for 1,3 dichloropropene (cis and trans isomers) as previously described. 8 Lung extracts were prepared by homogenizing 5 g of tissue with sodium sulfate to obtain a powder. Methylene chloride (50 ml) was then added, and the samples were sonicated for 10 min. The methylene chloride was decanted, and the extraction procedure was repeated twice. All 3 extracts were combined, and the solvent was reduced under vacuum. These samples were further reduced to 1 ml under a stream of dry nitrogen gas before analysis. A gas chromatogram equipped with a 30-m x 1.5 µm column was used. a,b Temperatures were as follows: injector, 135 C; detector, 300 C; column oven, 60 C. Hold time was 1 min programmed to 200 C at 10 C/min with a hold time of 5 min. These conditions produced retention times of 2.9-3.3 min for the two isomeric forms.
Aldicarb analysis. Aldicarb concentrations in samples were determined by high-pressure liquid chromatography (HPLC-UV) and gas chromatography with nitrogen/phosphorus detection (GC-NPD). For HPLC-UV analysis, aliquots (5-10 g) of rumen contents and liver were homogenized and ex-45 tracted with 10 ml acetonitrile. Samples were filtered and kg. 2 Aldicarb inhibits acetylcholinesterase, causing inreduced to 1 ml under a stream of dry nitrogen gas before creased acetylcholine concentrations at cholinergic jector, 135 C; detector, 275 C; column oven, 45 C. Hold time analysis. A high-pressure liquid chromatogram equipped with a UV detector (220 nm) was used. c A 100-µ1 sample was injected onto a 25cm x 10-µm reverse phase C 18 column e was 1 min programmed to 150 C at 10 C/min then to 225 with a 50:50 acetonitrile/water mobile phase at a flow rate of 1.0 ml/min. These conditions produced an aldicarb re-C at 25 C/min with a second hold time of 5 min. These tention time of 3.0 min. For GC-NPD, aliquots (1 g) of wool conditions produced the following retention times: aldicarb, and fat were homogenized with 10 ml isooctane. Isooctane extracts of rumen contents were also prepared. Extracts were 13.7 min; aldicarb sulfone, 9.3 min; aldicarb sulfoxide, 8.5 reduced to 1 ml under a stream of dry nitrogen gas prior to analysis. A gas chromatogram equipped with a 30-m x 0.25 mm column was used. a,f Temperatures were as follows: in-synapses. Development of clinical signs occurs rapidly after exposure to aldicarb, and salivation, tachypnea, lacrimation, urination, and defecation may be observed within 15-30 minutes. Death may occur within minutes to hours and is the result of excessive pulmonary secretions, bronchial constriction, and respiratory paralysis. Pulmonary edema is a common finding but is not diagnostic of aldicarb toxicosis.
Clinical signs of acute toxicosis due to a cholinesterase inhibitor (e.g., organophosphate or carbamate mm.
Acetylcholinesterase activity. Retinal (4 sheep), brain (3 sheep), and whole blood (1 sheep) acetylcholinesterase activities were determined using a modification of a method previously described. [3] [4] [5] Acetylcholinesterase activities were also determined for brain and whole blood following a 1-hr incubation at 37 C. linesterase inhibition observed in the submitted sam-insecticides) are generally associated with blood choples (21.2-68.1% of normal) were compatible with carbamate toxicosis. linesterase activities 20-50% of normal. Inhibition of brain, retinal, and blood acetylcholinesterase activity can therefore support a diagnosis of carbamate or organophosphate insecticide toxicosis. The extent of cho-
Results
Pathologic findings. At necropsy, pulmonary edema with a large amount of tracheal foam was observed in 4/4 ewes. Severe diffuse acute pulmonary alveolar edema was observed in 3/3 lungs examined histologically.
Acetylcholinesterase activity. Retinal acetylcholinesterase activities from 4 dead ewes were 4.51, 10.4, 12.25, and 12.5 µmoles/g/minute (normal is 20.23 µmoles/g/minute, n = 2). Ovine whole blood cholinesterase activity from one affected ewe was 0.35 µmoles/ g/minute (normal is 1.30 ± 0.26 µmoles/g/minute, n = 8). Whole blood cholinesterase activity following a l-hour incubation at 37 C was 0.96 µmoles/g/minute. Preincubation brain acetylcholinesterase activities were 2.22, 2.77, and 3.16 µmoles/g/minute (normal is 7.13 ± 0.74 µmoles/g/minute, n = 3). Brain acetylcholinesterase activities following a 1-hour incubation at 37 C were 5.27, 3.88, and 4.37 µmoles/g/minute, respectively. A control sheep brain run simultaneously had brain acetylcholinesterase activities of 6.22 µmoles/g/ minute and 6.18 µmoles/g/minute before and after a 1-hour incubation at 37 C, respectively. Normal values were determined by the University of Illinois, Laboratories of Veterinary Diagnostic Medicine, using identical methodologies.
Analytical results. Aldicarb was detected in 3/4 rumen samples at 1.5, 5.5, and 334 ppm. Aldicarb and 1,3-dichloropropene were not detected in lung, liver, wool/skin, or brain samples nor on chemical analyses of soil and water samples.
Discussion
Aldicarb is a highly toxic commercially available insecticide with an acute oral rat LD 50 of 0.46-1.2 mg/ In contrast to organophosphate insecticides, carbamate insecticides, including aldicarb, reversibly inhibit acetylcholinesterase. The transient inhibition makes assessment of acetylcholinesterase activity difficult because acetylcholinesterase activity may be reactivated spontaneously in vivo or following incubation or storage. 2, 9 There are several methods for determining acetylcholinesterase activity based on the hydrolysis of acetylcholine or a synthetic ester. 10 Significant inhibition of cholinesterase activity was detected in retina, brain, and whole blood using a rapid spectrophotometric method. 4, 5 Recovery of whole blood and brain cholinesterase activity following incubation at 37 C for 1 hour further supported a diagnosis of carbamate toxicosis. Cholinesterase activity in tissues from organophosphate insecti by incubation. 7 cide-poisoned animals are not altered
The identification of aldicarb in the rumen contents from 3 of 4 sheep confirmed a diagnosis of aldicarb toxicosis. Aldicarb undergoes rapid metabolism to aldicarb sulfoxide following ingestion, with further metabolism to its sulfone metabolite. 9 This rapid metabolism may explain why aldicarb was not detected in liver samples. Insecticides containing 5-15% aldicarb are widely used on a number of important crops. Analyses of soil and water samples did not reveal the source of aldicarb. this farm.
There was no known use of aldicarb on m 1,3-Dichloropropene is primarily usedas a soil fuigant and is usually inj ected 15-30 cm into the soil, thus concentrations are generally low and exposure risks minimal. Inhalation of 1,3-dichloropropene may result in severe irritation of eyes, skin, and the respiratory mucosa. Clinical signs of toxicosis include lacrimation, coughing, dyspnea, and depression. 1,6 1,3-Dichloropropene toxicosis may result in the devel-opment of pulmonary congestion and edema. The role of 1,3-dichloropropene in the development of clinical signs in this case is unknown; however, failure to detect 1,3-dichloropropene in any tissues indicates this fumigant was probably not involved in the deaths of the sheep. 
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